Emphysema was induced in mongrel dogs by four weekly inhalations of papain. The effects of IPPV were ttudied using four different inspiratory flow waveforms and each at three different inspiratory tunes. Tidal volume and respiratory frequency were kept constant and inspiratory time and flow waveform were varied independently. There were statistically significant differences in a number of physiological variables. With a longer inspiratory time of 2.2s and with the reversed ramp flow waveform VD/ VT was decreased With the reversed ramp flow waveform there was a greater total compliance, increased (PA02 ~ ^02) and reduced fticoj There were statistically significant differences in mean airway and oesophageal pressures which indicate valid differences in the flow waveforms and times Baker and others (1977), Baker, Colliss and Cowie (1977) and Baker, have shown that the variation in inspiratory flow waveform and time during IPPV affects physiological variables in the normal dog. Because these differences were not so marked in an experimental model of pulmonary oedema (Baker et al., 1982) another study was carried out on a dog model of pulmonary emphysema to ascertain if there were any influences of flow waveform or time with a different type of lung disease.
, Baker, Colliss and Cowie (1977) and Baker, Cowie and Colliss (1977) have shown that the variation in inspiratory flow waveform and time during IPPV affects physiological variables in the normal dog. Because these differences were not so marked in an experimental model of pulmonary oedema (Baker et al., 1982) another study was carried out on a dog model of pulmonary emphysema to ascertain if there were any influences of flow waveform or time with a different type of lung disease.
Emphysema is one of the commonest chronic pulmonary diseases, and patients suffering from this disease may require IPPV for the treatment of ventilatory failure. Such management is usually not difficult except for weaning, but if a particular method of IPPV were superior this would be an advantage.
There have been a number of reports of pulmonary emphysema produced in different animals following papain inhalation (Gross et al., 1964; Gross et al., 1965; Golding, Greenburg and Ratner, 1968; Park et al., 1969; Cadwell, 1971) . The effects of papain inhalation in the dog were first documented by Pushpakom and others (1970) , Marco and colleagues (1972) and by D'Angelo (1976) . These different studies have shown that the panlobular emphysema produced by papain in dogs is a valid model for the same type of human emphysema (Karlinsky and Snider, 1978) .
Fifteen mongrel dogs (weight range 18.1-30.8 kg) received weekly inhalations for 4 weeks of 10 ml of nebulized papain in a concentration of 32% (Winthrop Laboratories). These inhalations lasted for 15min and were administered with a one-way anaesthetic system in a fume cupboard, whilst the animals were anaesthetized and the trachea intubated ( fig. 1) . No antibiotic was administered to the dogs during this period and they did not have clinical evidence of bronchitis or pneumonia, although all appeared to lack energy by the end of the period of study. One week after the last inhalation the dogs were studied to determine the effects of altering the inspiratory flow waveform and time in IPPV, using measurement, ventilator and anaesthetic techniques described by Baker and others (1977, 1982) . At the completion of the study the lungs were inflated and held in normal inspiration. No further inflation was performed before histological examination of the lungs. Figure 2 shows the histological appearance of the lungs 1 week after the last papain inhalation. The appearances are consistent with all the previous reports of chronic papain inhalation and indicate that severe emphysema was present.
RESULTS
Tables I-V show the statistically significant results for the various physiological variables. The results are represented graphically in figures 3 and 4 for VD/W and mean oesophageal pressure. The VD/VT showed significantly lower values when the reversed ramp flow waveform was used and with a longer inspiratory time. With the reversed ramp waveform there was a statistically significant increase in total dynamic compliance and (PAo 2 -POCK) and a decrease in P&co 2 when compared with other waveforms.
The mean airway pressure and mean oesophageal pressure were significantly different for both waveforms and times and showed synergism. These results provide conclusive evidence that the inspiratory flow waveforms and times were accurately reproduced (Baker, Colliss and Cowie, 1977) .
There were no statistically significant differences in dynamic compliance, A02, venous admixture (.OjOdy tidal volume, arterial pressure, heart rate, pulmonary artery pressure, body temperature, oxygen consumption or the duration of the experiment. Snider (1981) ina recent Perspective article cited the discovery by Gross and associates in 1964 , that papain caused emphysema in animals, as one of the factors which had revolutionized the study of emphysema in the past two decades. He reiterated that such "studies confirmed that papain administered intratracheally or by aerosol consistently produced emphysema".
There has been a general agreement that emphysema is best defined on the basis of morphological changes incorporating alveolar destruction (Thurlbeck, 1977; Karlinsky and Snider, 1978; Guenter, Coalson and Jacques, 1980) . The gross and histological appearances of the lungs produced in the present study were typical of panlobular emphysema and agreed with all the previously published studies. Specific functional tests for emphysema such as measurements of FRC, compliance or diffusion capacity were not made during these experiments because Karlinsky and Snider (1978) regarded them as only supplementary to the anatomical studies, and because they have been made by others (Pushpakom et al., 1970; Marco et al., 1972; D'Angelo, 1976) . The compliance results obtained previously from normal mongrel dogs (Baker, Colliss and Cowie, 1977) and those from this study are similar. Thus there is no increase in lung compliance with papain-induced emphysema. A similar finding was reported by Marco and others (1972) in dogs and by Caldwell (1971) in rabbits, although both Pushpakom and colleagues (1970) and D'Angelo (1976) found an increase in compliance. This discrepancy was specifically addressed by Karlinsky and Snider (1978) emphysema, and did not in any way invalidate the animal model. The use of 32% papain-a greater concentration than others have used-and repeating treatment over 4 weeks, which others have not done, may have led to greater tissue breakdown of both collagen and elastic elements in the lung parenchyma. Karlinsky and Snider (1978) have shown that an increase in compliance is dependent on elastolytic effects predominating over collagen degradation. However, Osman and others (1980) who have used a plan for introducing papain approaching that used in this study, showed that there was a highly significant reduction in elastin, although this was capable of regeneration with time. VD/VT was greater in the dogs with emphysema than in our study of normal dogs, which supports the presence of functional emphysema. Acute models using papain have often yielded lungs infiltrated with cells and oedema (Collins, Durnin and Johanson, 1978; Parra, Gaddy and Takaro, 1980) There was a significant difference in the dye dilution cardiac output measurement between an inspiratory time of 2.2s and 1.0s (P <0.01), and 0.5 s (P <0.05). This difference was not obtained for cardiac output measurements using the Fick principle. Pao 2 and (PA02 -PaoJ were little affected by the severe alveolar destruction. Such good oxygen exchange often occurs in human emphysema when artificial ventilation is required and there is no additional lung problem such as infection. The patient may have poor blood-gas tensions whilst breathing spontaneously, but with the application of IPPV without alteration in inspired oxygen fraction there is a marked increase in PA02 and reduction in Pacoj-This is evidence that the major disruption is in the mechanics of ventilation, probably at an alveolar or respiratory bronchiole level.
The results for changes in inspiratory flow waveforms and times show statistically significant differences which are of only minor consequence physiologically. Tables VII and VIII show the statistically significant results of this study compared with previous studies for the normal dogs (Baker, Colliss and Cowie, 1977) and with those for dogs with pulmonary oedema (Baker et al., 1982) . Greater variations were obtained in normal dogs than in the dogs with emphysema, although the latter showed greater differences than did dogs with pulmonary oedema. While there are statistically significant differences in inspiratory flow waveforms and times, in normal dogs these differences are small and tend to disappear when the lung is severely compromised.
Improvement in respiratory variables is obtained consistently with the reversed ramp waveform and by the longer inspiratory times. The ramp waveform, conversely, produced the poorest results for respiratory variables with very often little difference between the top-hat and sine waveforms effects which are intermediate between those for the other two waveforms. Why this should be is probably closely related to the mean airway pressure relationships, and the mass concentration of gas molecules within the airways and alveoli allowing a longer time for gas exchange to occur, together with better gas distribution throughout the lung. Several of these results are consistent with the findings of Suter and others (1977) , Boros (1979) , and of Lindahl (1979) who found improvement in VD/VT with increase in mean airway pressure generated by an end-inspiratory pause. Dammann, Me Asian and Maffeo (1978) who also increased mean airway pressure with an inspiratory pause did not study Vt>/VT, but found improvements in other respiratory variables. An end-inspiratory pause is akin to the reversed ramp flow waveform used in these studies, and also uses a longer inspiratory time. The effects on dynamic compliance are all consistent even though they are not always statistically significant. Once again the longer time for volume distribution throughout the lungs is probably the major reason for the effects seen. For areas of lung with different time-constants more even ventilation may be achieved, and mean pressures will be less for the same volume. Such waveforms may be of importance in the recovery phase of pneumonopathy when it is common practice to experience tension pneumothoraces because of the patchy recovery from the lung disorder. At such times, the reversed ramp waveform and longer inspiratory times would not be contraindicated because of cardiovascular instability, as the cardiovascular system is usually stable by this stage of the disease. Although changes in QjQi were of no significance generally, the values which did reach statistical significance were consistent and again suggested that reverse ramp waveform and long inspiratory times offered the best results. Such results would be consistent with better overall gas distribution and longer time for molecular exchange within the alveolus.
From the theoretical study by Baker and Hahn (1974) and the practical results from these animal studies, there is the possibility that a negative decreasing exponential inspiratory flow would be the best for respiratory variables, because of the time allowed for gas redistribution within the lung, and also because of the high mean airway pressure. This exponential waveform does, however, require the most inspiratory work at all inspiratory times except for those less than 0.5 s. Such an exponential waveform is very little different from the reversed ramp waveform and was not specifically tested in these studies.
Thus, in terms of clinical usefulness there are possibilities for the improvement of ventilation for patients requiring IPPV, but it must be realized that the statistically significant changes with inspiratory flow waveform and time were small so that only a small improvement in the clinical state can be exDownloaded from https://academic.oup.com/bja/article-abstract/54/5/547/280175 by guest on 10 March 2019 peered, although in serioils illness such a small change for the better may be vital to the eventual outcome for the patient.
RESUME
Un emphyseme a iti provoqui chez des chiens batards par quatre inhalations hebdomadaires de papaine. Les effets de la VPPI ont iti Studies avec quatre diffirentes formes de courbe de dibit inspiratoire, chacune a trois temps d'inspiration diffirents. Le volume courant (Vc) et la frequence respiratoire itaient maintenus constants et on faisait varier sipariment le temps d'inspiration et la forme de la courbe. II y cut des differences statisnquement significauves de plusieurs variables physiologiques. Avec un temps d'inspiration plus long, de 2,2 s, et avec tine inversion de pente de la courbe de dibit, le rapport espace mort/Vc itait diminui. Lorsqu'on inversait la pente de la courbe de dibit, la compliance totale itait plus grande, la (P002 ~ ^02) augmentait et la P&C02 diminuait. II y a des differences statistiquement significanves dans les pressions moyennes des voies respiratoires et de l'oesophage qui traduisent la validity des differences de courbes de dibit et de temps d'inspiration
